Abstract. Action spectra were obtained for photosystems I and II in chemically fixed algal cells and for photosystem I in unfixed lysozyme treated cells. Untreated algal cells yielded neither of the 2 light reactions with the reaction mixtures used. The action spectra for photosystem I in the blue-green alga Anacystis nidulans and red alga Porphyridium cruentum follow the absorption spectrum of chlorophyll a with a small peak in -the region of the accesisory pigments. In the green alga Chlorella pyrenoidosa the photosystem I action spectrum follows the absorption spectrum of chlorophyll a. Photosystem II action speotra in A. nidulans and P. cruentum follow the absorption spectra of the accessory pigments while that in C. pyrenoidosa is shifted slightly toward the blue spectral region. These results provide additional evidence that formaldehyde fixed cells are valid models for studying the light reactions of photosynthesis.
Photosynthetic action spectra were determined for brown, green, and red algae by Haxo and Blinks (6) , using polaragraphic oxygen determinations. They found that the action spectra for photosynthesis in brown and green algae agreed with the absorption spectra for these algae, but that in red algae the action spectrum for photosynthesis followed primarily the absorption of light by the accessory pigment, phycoerythrin, with chlorophyll appearing largely inactive. Their work, with that of Emerson on the red drop, posed the problem of inactive chlorophyll in plants; a problem finally resolved by the recognition of 2 photochemical systems in photosynthetic electron transport. Kok and Hoch (10) reported the photosynthetic action spectrum of the blue-green alga Anacystis nidulans which showed that light absorbed by chlorophyll a alone was much less efficiently used than light absorbed by both phycocyanin and chlorophyll. The oxidation of P-700 in Anacystis nidulans was driven primarily by chlorophyll a whereas its reduction was ldriven primarily 'by the accessory pigment, an observation which could be most easily explained by the existence of 2 light reactions. Duvsens et al. (4) (Hoffman, 120 g ). The inner filter effect due to DCPIP abs;orption was taken into account for the rates of photosystem II following the method of Kling et al. (9) . Photochemical rates were multiplied by an appropriate factor to give action spectra which could readily be compared with the absorption spectra.
Results and Discussion
Action speotra for both photosystems were determined for A4ntacystis nidulans, Chlorella pyrenoidosa, and Porphyridium cruenturin. All assays were run on formaldehyde fixed cells with the exception that the photosystem I activity of A. nidulans was studied in lysozyme treated cells. The action spectra for photosystems I and II as compared with the absorption spectrum of A. nidulans are shown in Fig. 1 . The action spectrum for photosystem I, in which cells were treated with lysozyme follows the absorption spectrum for chlorophyll a with a slight peak occurring in the region of phycocyanin absorption. The action s'pectrum for photosystem II, in which cells were fixed in formaldehyde, agrees well with the absorption spectrum of phycocyanin and has a small peak in the chlorophyll a region. Thus, photosystem II is driven primarily by phycocyanin in the fixed cells. Photosystem I is driven primarilv by chlorophyll a with a snmall contribution from phycocyanin. These data are consistent with the photosynthetic action spectrum for A. nidulans published by Kok Action spectra for photosystemis I and II in Porphyridiumt cruetwum are shown in Fig. 2 . Photosystem I peaks in the region of maximum chlorophyll a absorption with small peaks at 630 nm and in the region of phycoerythrin absorption (560 nm). Photosystem II action spectrum follows the absorption spectrum of phycoerythrin with a slight rise in the region of chlorophyll absorption. Our data agree with the electron transport scheme (13) for P. cruenttum described by Nishimura. This ischeme indicates that phycoerythrin is ,the main pigment involved in photosystem II with a minor role for chlorophyll a, while the latter is the major pigment for photosystem I.
The action spectra for photosystems I and II of formaldehyde fixed Chlorella pyrenoidosa as compared with its absorption ispectrum are shown in Fig. 3 . It can be seen that the action spectra generally follow the absorption spectrum of the alga except that photosystem II is more active in the region of chlorophyll b absorption (650 nm) than photosystem I. The action spectra generally agree with those of Joliot et al. (7) polarographic measurements on unfixed material.
These data support the validity of formaldehyde fixed cells as models for studying photosynthetic electron transport. The -ease of preparing fixed cells. in comparison with other cell breakage techniques, provides a useful method for studying photosvstems I and II in algae.
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